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Method. System and Apparatus For Improving Reception In Multiple Access 

Communication Systems 

FIELD OF THE INVENTION 

The present invention relates to a method, apparatus and system for improving 
5 reception in a multiple access communication system. More specifically, the present 
invention provides a method, apparatus and system for improving reception in a multiple 
access communication system by subtracting known, or knowable, received interference 
signals from the total received signal. 

BACKGROUND OF THE INVENTION 

10 Many multiple access communication techniques are known including time 

division multiple access (TDM A), frequency division multiple access (FDMA), orthogonal 
and vector orthogonal frequency division multiplexing (OFDM or VOFDM), code division 
multiple access (CDMA), hybrids such as GSM, etc. 

The ability of a radio receiver employing multiple access techniques to 

15 correctly receive a signal transmitted to it is generally limited by the signal to noise ratio 
(SNR) the receiver experiences. The SNR experienced at a receiver is the ratio of the desired 
received signal to all other noise sources, including thermal noise, radio noise (noise from 
electrical devices such as motors, etc.) and other, non-orthogonal, signals transmitted from the 
transmitter. As used herein the term "orthogonal signal" is intended to include all signals 

20 which are arranged to have cross correlations that are ideally zero, or very small, eg. CDMA 
signals are made orthogonal via application of Walsh Codes, TDM A signals are made 
orthogonal via assignment of time slots, etc. Clearly, the better the SNR experienced at a 
receiver, the better the ability of the receiver to correctly receive the signal and the better the 
theoretical capacity of the system, as will be discussed further below. 

25 One example of a widely used multiple access technique is code division 

multiple access (CDMA), and specifically the direct sequence implementation of CDMA, 
which has recently gained significant support as the multiple access technique of choice for 
advanced wireless communication systems, such as mobile telephones or wireless local loop 
systems. As is known, CDMA can offer advantages over many other multiple access 

30 techniques, in that planning and management of the network is generally simplified, with the 
guard bands or guard times of FDMA or TDMA systems, for example, not being required and 
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good frequency reuse being obtained relatively easily. 

As mentioned above, increases to the SNR experienced at a CDMA receiver 
are advantageous. Specifically, as the SNR experienced by a CDMA receiver is increased, 
more efficient use can be made of the CDMA code space, with modulation orders being 
5 increased (for example from QPSK to QAM 16) and/or higher rate error correcting codes can 
be used (for example increasing the code rate from 1/3 rate to 2/3 rate). As CDMA code 
space is a limiting factor in the capacity of a CDMA communications system, it is always 
desired to make efficient use of the code space. 

Further advantages are obtained when transmissions in CDMA are performed 
10 at the lowest power level which is sufficient to provide the minimum SNR required for 
reception of the signal at the receiver at acceptable error rates. By broadcasting at this 
minimum power level, or very close to it, interference between adjacent base stations or 
sectors of a base station can be reduced, further increasing the efficiency and capacity of the 
CDMA system. 

15 Other multiple access systems benefit from improved SNR's in manners 

similar to those of CDMA and, generally, an increase in the SNR of signals received at a 
receiver results in improved capacity and/or reliability of the communications system. 

Accordingly, it is desired to have a system, method and apparatus which can 
allow a multiple access communications receiver to improve the SNR of desired signals it 

20 otherwise receives from a transmitter. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel system, method and 
apparatus for improving reception in a multiple access communication system which obviates 
or mitigates at least some of the above-identified disadvantages of the prior art. 
25 According to a first aspect of the present invention, there is provided a method 

of improving reception in a multiple access communications system, comprising the steps of : 

(i) determining at least one interfering signal transmitted from a transmitter; 

(ii) determining the received power level at a receiver of said at least one 
determined interfering signal; 

30 (iii) subtracting said at least one determined interfering signal, at said received 

power level, from the total signal received at said receiver; and 

(iv) determining a desired signal from the result of said subtraction. 
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According to another aspect of the present invention, there is provided a 
multiple access communication system including a plurality of subscriber stations and at least 
one base station to transmit signals to said subscriber stations, said subscriber stations 
comprising: 

5 means to receive said signals transmitted by said at least one base station; 

means to determine at least one interfering signal transmitted by said base 
station and the received power level of said at least one interfering signal; 

means to subtract said determined at least one interfering signal at said 
received power level from said received signals; and 
10 means to determine a desired signal from the result of said subtraction. 

The present invention provides an apparatus, system and method for improving 
reception in a multiple access telecommunications system, by determining and subtracting 
known, or knowable, interfering signals from the total signal received at a subscriber station 
to obtain desired signals. Common channel signals, such as primary and secondary 
15 synchronization signals, or any other known or knowable signals which act as interference to 
a desired signal can be subtracted from the signals received from a transmitter serving the 
receiver. Such interfering known or knowable signals received from other transmitters, such 
as adjacent sectors (in multi-sector wireless network systems) or adjacent base stations (in 
wireless networks) can also be subtracted. Further, known or knowable signals which are 
20 effectively interfering common channels to the receiver, such as orthogonal channels of an 
adjacent base station or sector, can also be subtracted. 

In a 3GPP-type system, a receiver can subtract the primary and secondary 
synchronization signals of the transmitter serving it, as well as the same signals and the pilot 
channel signals of one or more adjacent sectors and/or base stations. In an IS-95-type system, 
25 a receiver can subtract common channels of adjacent base stations and sectors. In other 
systems, a receiver will be able to subtract known or knowable interfering signals of 
transmitters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will now be described, by way 
30 of example only, with reference to the attached Figures, wherein: 

Figure 1 shows a multiple access communications system; 

Figure 2 shows a schematic representation of an orthogonal signal and an 
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interfering signal broadcast and received at a receiver; and 

Figure 3 shows a multiple access communications system with multi-sectored 

base stations. 

DETAILED DESCRIPTION OF THE INVENTION 

5 While the following discussion concentrates primarily on direct sequence 

CDMA as a multiple access technique, and more specifically on the proposed 3GPP 
implementation, the IS-95 standard and the like, the present invention is not so limited and 
can be usefully employed with any receiver receiving multiple access signals wherein a 
received known, or knowable, signal that is interfering with a received desired signal can be 

10 subtracted from the total received signal to improve the reception of the desired signal. 

A multiple access communication system is indicated generally at 20 in Figure 
I. System 20 includes a plurality of transceivers, such as base stations 24, which are 
connected via suitable backhauls (not shown) and gateways (not shown) or the like to a public 
switched telephone network (PSTN) (not shown), other base stations 24, packet data networks 

15 such as the Internet (not shown) and/or any other network of interest. As mentioned above, 
system 20 employs a suitable multiple access technique and specifically, in this example, 
employs DS-CDMA. 

Each base station 24 defines a cell 28 within which it can communicate with a 
plurality of transceivers, such as subscriber stations 32. A subscriber station 32 can be a 

20 mobile telephony device, a mobile data device or a wireless local loop device (providing 
telephony and/or data services). A cell 28 can include only one type of subscriber station 32 
(such as mobile voice telephony devices) or a variety of types of subscriber stations 32 (such 
as mobile voice telephony and fixed voice and/or data devices). At any one time, a subscriber 
station 32 is typically served by the base station 24 which it can receive with the best signal to 

25 noise ratio (SNR). 

Data transmitted from a base station 24 to a subscriber station 32 is typically 
encoded with an error correcting code, such as a convolutionai code, and this is typically 
described in terms of the resulting effective information rate. Specifically, transmissions are 
described as being coded at 1/3, 1/2, 2/3, 3/4, etc. rates (i.e. - at 1/2 rate, two bits of data are 

30 transmitted for every one actual information bit, at 3/4 rate, four bits of data are transmitted 
for every three actual information bits). When low SNR's are expected at a subscriber station 
32, low coding rates are employed to ensure acceptable bit and/or frame error rates are 
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experienced. As the SNR experienced at a subscriber station 32 improves, higher rate codes 
can be employed (e.g. - changing from a 1/4 code to a 1/2 code) with a resulting improvement 
in the efficiency at which the resources (transmission capacity or bandwidth) of system 20 are 
used. 

5 Similarly, when relatively low SNR's are experienced at a subscriber station 

32, transmitted data is typically modulated using low order schemes, such as QPSK, to 
improve the ability of the subscriber station 32 to reliably receive the transmitted data. As the 
SNR experienced at the subscriber station 32 improves, more aggressive (higher order) 
modulation schemes, such as QAM 16, QAM 64 or QAM 256 modulations can be employed, 

10 again resulting in an improvement of the efficiency at which the resources (transmission 
capacity or bandwidth) of system 20 are used. 

In other circumstances, if the SNR of the signal received at a subscriber station 
32 improves, the power at which that signal is transmitted can be decreased until the SNR just 
exceeds the level needed to reliably receive the signal at a given code rate and/or modulation 

15 order and thus the degree to which the signal interferes with reception of signals at other 
subscriber stations 32 can be reduced, allowing those subscriber stations 32 to obtain an 
improved SNR. 

The combinations of error coding and modulation schemes employed can be 
selected for a given SNR level to achieve a desired probability of frame error rate for 

20 transmissions while making efficient use of the resources of system 20. Clearly, any 
improvement in the SNR experienced at a receiver can provide an improvement in system 
efficiency and/or reliability. 

In modern CDMA systems and other multiple access systems, channel schemes 
are employed to organize and permit acquisition, setup and use of communication between 

25 base stations 24 and subscriber stations 32. Typically, some of these channels are common 
channels, i.e. - are broadcast to all subscriber stations 32 in a cell 28, and other channels are 
orthogonal channels. As is discussed below, in some cases, common channels act as 
interference to other signals broadcast to subscriber stations 32 and orthogonal channels from 
a transmitter can act as interference to subscriber stations 32 receiving signals from other 

30 transmitters. 

System 20 can be a system constructed in accordance with standards such as 
IS-95, wCDMA, CDMA2000, the proposed 3GPP system presently being standardized, or 
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any system employing a channel scheme with one or more common channels or other 
interfering channels over which known or knowable data is transmitted. While the following 
discussion refers to the above-mentioned proposed 3GPP system, the present invention is not 
limited to this system as will be apparent to those of skill in the art. As used herein, the term 
5 "knowable" signal is intended to comprise any signals which can be determined by a receiver 
by any means. Examples include scrambled signals, which can be descrambled by a receiver 
once a descrambling code is known, signals which can be determined after explicit or blind 
detection operations, etc. 

In the proposed 3GPP system, the common channels broadcast in the downlink 

10 direction (i.e. - from base station 24 to subscriber stations 32) include a primary 

synchronization channel (PSCH) and a secondary synchronization channel (SSCH). In the 
3GPP system, many channels (including the orthogonal channels) are broadcast in frames of 
10ms duration, wherein each frame includes fifteen slots. 

As discussed in the 3GPP documentation, the PSCH is used by subscriber 

15 stations 32 to determine the timing of slots within frames transmitted by a base station 32. A 
predefined data sequence is transmitted in the slots and frames of the PSCH and this sequence 
has been defined and arranged such that subscriber stations 32 can determine the start time of 
slots in frames transmitted by the base station 32. 

Once the slot timing has been determined by a subscriber station 32 from the 

20 PSCH, the SSCH is examined by the subscriber station 32 to determine the timing of the 
frames of the slots and other information, including scrambling codes used by the base station 
24, etc. The acquisition and processing of the PSCH and SSCH channels is performed at start 
up of a subscriber station 32 within system 20 and, in mobile systems at least, is performed on 
an ongoing basis for adjacent cells to permit handoffs between cells. 

25 While such a system does result in a flexible and robust communication 

system, it suffers from disadvantages in that the common channels act as interference at the 
subscriber stations 32 in the cell 28 with respect to the other received signals, reducing the 
SNR experienced at the subscriber stations 32. 

Figure 2 shows a simplified representation of the transmission of a desired 

30 signal "Df and the PSCH "s" being combined and received at a subscriber station 32. As 
shown in the Figure, D is spread by multiplying it with the 'chips' Cj through d of a 
preselected spreading code. This results in the product "D,C|, Dic 2 , Dic 3 ... D x c" which has 
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some amount of gain performed on it by amplifier 90. The PSCH, which comprises a 
predefined series of chips si through Si, has some amount of gain performed on it by amplifier 
94 and is added to the above-mentioned product, at summer 98, to obtain the result "D|Ci+Si, 
Dic 2 +s 2 , D1C3 +S3. . . D|Ci +s". This result is broadcast to a subscriber station 32 over radio 
5 link 102. Some amount of noise "n" is inevitably added to the result during the radio 
broadcast, as represented by the summer in radio link 102. 

At the receiver of the subscriber station 32, the received signal is of the form 
"D1C1+S1 +n, DtC 2 +s 2 +n, Dic 3 +s 3 +n... DjCj +Si+n" and a dot product operation 106 is 
performed on this result to obtain "Di(ciCi+c 2 C2+c 3 c 3 + ... + Cid) + (cjsi+c 2 s 2 +c 3 s 3 + ... CjSj) 

10 +n", where the effect of noise n has lumped and represented as a single value. As it is known 
that the values of the chips i4 c" can only be -i or +1 and the values of primary 
synchronization chips "s" can only be -1 or +1, this result can be simplified to "4D1 + 
(ciS|+c 2 S2+c 3 Syh..CjSj) + n". In conventional communication systems, an estimate is then 
performed by a suitable means, a viterbi decoder for example, from this result to determine 

15 the value of D at the receiver. 

While this system has been successfully employed in the past, the present 
inventor has realized that the term "(ciSi+c 2 S2+c 3 S3+...CjSj) + n" in the result is, in fact, 
interference to the desired signal D, thus reducing the overall SNR experienced at a receiver 
and that similar interference will also occur from the SSCH signal. In fact, the interference 

20 term can be written << (cispi+C2sp2+c 3 sp 3 +...c i spi) + (ciSS|+c 2 ss2-»-c 3 ss 3 +...CiSSi) + n", where spj 
represents the PSCH signal and ss; represents the SSGH signal. 

The present inventor has determined that the SNR experienced at a subscriber 
station 32 can be improved by subtracting the received PSCH and SSCH signals from the 
signals received at the subscriber station 32. Specifically, by receiving the PSCH and SSCH 

25 to determine the timing of the frames and slots transmitted by base station 24, subscriber 
station 32 has also determined the power at which the PSCH and SSCH signals have been 
received at the subscriber station 32. Therefore, once acquisition has been achieved and a 
subscriber station 32 is operating normally, the subscriber station 32 knows the PSCH and 
SSCH data it has received and the power level they were received at. In accordance with the 

30 present invention, the receiver in subscriber station 32 then subtracts these known signals 
from the total signal received at the subscriber station 32 to reduce this source of interference 
to other received signals. Thus, the term "(cispi+c 2 sp 2 +c 3 sp 3 +...CiSpi) + 
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(CiSS|+c 2 ss 2 +C3SS3+...CiSSi) + n" can be reduced to "n" as the values of each a and spj (primary 
synch) and ss* (secondary synch) will be known at the receiver. 

It is known that as much as 20% or more of the total power transmitted by a 
base station 24 will typically be utilized to transmit the PSCH and SSCH channels. As will be 
5 apparent, subtracting the PSCH and SSCH signals from the total received signal at a 
subscriber station 32 can result in a corresponding improvement to the SNR of the subscriber 
station 32. 

While the subtraction is shown in Figure 2 as being performed at the symbol 
level, in some circumstances it will be preferred that the subtraction be performed at the chip 

10 level and appropriate methods of implementing such will now be apparent to those of skill in 
the art. By performing the subtraction at the chip level, data signals D, U, etc. which are 
transmitted at different symbols rates, but the same chip rate, can be appropriately processed. 

The present invention is not limited to the reduction of interference by the 
subtraction of synchronization channels and, in fact, any interfering signal which is known or 

15 knowable, such as any other communication system control signal or information signal, can 
be subtracted from the total signal received at a receiver to improve reception of a desired 
signal. 

The present inventor has also developed a second embodiment of the present 
invention which can further improve the performance of system 20 in some circumstances. 

20 One of the limiting factors of the performance in CDMA systems, or in other multiple access 
systems, is interference from base stations 24 in adjacent cells 28. As shown in Figure I, a 
cell 28 is the geographic area which can be reliably serviced by a base station 24, While cells 
28 are commonly illustrated as having regular shapes, commonly hexagonal or circular (as 
illustrated in Figure 1), typically a cell 28 does not have a regular shape due to geographical 

25 features, such as hills, valleys, buildings, bridges, etc., or other conditions which affect the 
distance the radio signals from a base station 24 can reliably propagate. 

Due to the irregular shape of cells 28, it is not uncommon that a cell 28 
includes areas 36 that overlap with an adjacent cell 28. Such areas of overlap can also be 
formed intentionally by network planners to allow for handoff (transfer of a subscriber station 

30 32 from one cell to another) or to provide additional capacity in "hot spots" in a network. In 
the illustrated configuration of system 20 in Figure 1, four areas of overlap (36ab, 36ac, 36bc, 
and 36abc) are shown between cells 28a, 28b and 28c. 
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While a subscriber station, such as subscriber station 32j, can be serviced from 
either base station 24a or 24c, in this example 24a, downlink transmissions from the other 
base station, 24c in this example, appear to subscriber station 32 1 as interference to the 
downlink transmissions from base station 24a. Any subscriber station 32, such as subscriber 
5 station 32 { which receives the downlink transmission of more than one base station 24 will 
experience a reduction in its SNR with respect to the downlink transmissions received from 
the base station 24 that is presently servicing it. In fact, even subscriber stations, such as 
station 32 2 , that are outside of overlaps 36 where another base station could be reliably 
received, will experience some interference from those other base stations 24, although at low 

10 received power levels, thus reducing their SNR. Some other subscriber stations, such as 
subscriber stations 32 3 and 32 4 , do not receive significant levels of interference from other 
base stations 24 as they are located well outside of the effective propagation area of such 
adjacent base stations 24. However, in a system 20 with multiple cells 28, there is typically 
only a relatively small number of subscriber stations 32 which do not receive interference 

15 from adjacent base stations 24 that measurably degrades their SNRs. 

Accordingly, the present inventor has determined that a subscriber station 32 
can also improve its SNR by subtracting known or knowable channels received from one or 
more adjacent base stations 24. Specifically, at start up, and on an ongoing basis, a subscriber 
station 32 performs an sequence of operations wherein it determines the base station 24 that it 

20 can best receive (based upon the best SNR). In this second embodiment of the present 
invention, a subscriber station 32 can re-perform this acquisition sequence of operations to 
also determine the base station 24 which it can receive at the next-best levels (typically, the 
base station receiver at the next highest received power level). If a subscriber station 32 
determines that this next-best base station 24 is being received at a power level which is 

25 higher than a pre-defined minimum power level, it will proceed to subtract the signals that it 
knows, which are received from the next-best base station 24, from the total signal it receives 
to improve the SNR of the base station 24 it is being serviced by as described below. 

If the next-best base station 24 is received at a power level less than the pre- 
defined level, it is deemed that the potential benefit of subtracting the signals received from it 

30 is not sufficient to justify performing these steps, and no determination and subtraction of 
these signals will be performed. As will be apparent, this determination of next-best received 
base station will be performed, from time to time, to ensure that as reception conditions 
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change over time an appropriate action is taken. 

If the next-best base station is received at a power level greater than the pre- 
defined minimum, the subscriber station 32 determines the slot and frame timing and the 
power levels of the transmissions from the second base station 24, using the same techniques 
5 as before, and subtracts the PSCH and SSCH of the second base station 24 in a manner similar 
to that described above. Specifically, base station 24 will receive a signal "4D1 + 

(CllSpii+Ci 2 Sp]2+Ci3Spi3+...CiiSpij) + (d lSS|i+Ci 2 SSi 2 +Ci 3 SS|3+...CijSSij) + 

(C2isp2i+c 22 sp22+c23sp23+...c2isp2i) + (C2iss 2 i+c22ss 22 +c 2 3ss 2 3+...c 2 jss 2 j) + n" where dj, sp n and 
ssii are the chip, primary and secondary synch signals of the base station 24 and c 2 i, sp 2i and 
10 ss 2i are the chip, primary and secondary synch signals of the next-best base station 24. A dot 
product is performed on this received signal and the terms 

"(Cl!Spi 1 +Ci 2 Sp l2 +Ci3Sp l3 +...C l iSpi i ) , \ "(CllSSM+C l2 SSi 2 +Ci3SSi3+...C li SSii)", 

"(c 2 isp2i+C22sp22+C23sp23+».c 2i sp2i)" and "(c 2 iss 2 i+c 22 ss 22 +c 2 3SS 2 3+...c 2 iSS2i)" are subtracted to 
obtain 4D1 + n, from which the desired signal D can be determined. Similar operations can 

15 be performed for other multiple access systems, such as IS-95 or other wireless systems. 

In addition to known interfering common channels, channels which are 
broadcast as orthogonal channels by an adjacent base station 24 also serve as interference to 
subscriber stations 32 which are being served by a first base station 24, either because they 
use a scrambling code and/or Walsh code which is used by the first base station and/or 

20 because the timing of their transmission is not synchronized with that of the first base station. 
If the information transmitted in an orthogonal, but interfering, channel from another base 
station 24 is known, or can be determined (i.e. - is knowable), by a subscriber station 32, that 
orthogonal channel can also be subtracted from the total received signal at the subscriber 
station 32, further improving the SNR of the desired signals received at the subscriber station 

25 32. 

As a specific example, in systems adhering to the proposed 3GPP standard, at 
least one orthogonal channel at an adjacent base station will be known or knowable by a 
subscriber station 32. Specifically, a pilot channel (PICH) is transmitted by each base station 
24 and is used for carrier offset determination at subscriber stations 32 and for other purposes. 
30 The pilot signal comprises a series of I\s that are scrambled according to the scrambling code 
of the transmitting base station 24 and transmitted over a pre-defined channel. 

Accordingly, after a subscriber station 32 has determined that it is receiving 
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interference from an adjacent base station at a power level above the pre-defined level, it can 
determine the scrambling code group of this next best base station 24, determine the actual 
scrambling code from the other information transmitted by the next best base station 24, in the 
same manner that a subscriber station 32 served by that base station 24 would determine the 
5 scrambling code and determine the signal that would result from the scrambled series of "l's". 
Alternatively, the scrambling code can be directly communicated to the subscriber station 32 
in a variety of manners, including via a transmission from the base station 24 serving it which 
can transmit the scrambling codes of all adjacent base stations 24. Thus the subscriber 
station then "knows" the information received on the PICH from the adjacent base station 24. 

10 At this point, the subscriber station 32 then determines the power level at 

which the PICH is received, as this can change over time. It is presently contemplated that an 
indication of the transmission power level of the PICH will be provided by the transmitting 
base station 24, over the BCCH or other suitable channel, although any other suitable means 
as will occur to those of skill in the art can be employed, such as by estimation means, back- 

15 haul based communication between base stations 24, etc. It is also contemplated that the 
PICH power level will be provided to subscriber stations 32 as a transmission power level 
which is expressed relative to the transmit power of the PSCH and/or SSCH of the adjacent 
base station 24, whose received power levels are determined by the subscriber unit 32 as part 
of the above-mentioned acquisition process. Thus, the received power level of the PICH can 

20 be determined by subscriber stations 32. At this point, the subscriber station 32 "knows" the 
PSCH, SSCH and PICH of the next best received base station 24 and can subtract those 
signals from the total received signal at the subscriber station 32 to improve the SNR of the 
signals it receives from the base station 24 from which it is being served. 

It is expected that as much as 45% or more of the total power transmitted by a 

25 base station 24 will typically be utilized to transmit the PSCH, SSCH and PICH channels. As 
will be apparent, subtracting these signals from the total received signal at a subscriber station 
32 can result in a corresponding improvement to the SNR of the subscriber station 32. 

Figure 3 shows another configuration of a system 200 wherein one or more 
base stations 240 employ beam forming antennas (not shown), or other means, to divide their 

30 cells 248 into different sub-cells, typically referred to as sectors 260. Each sector 260 of a 
base station 240 communicates with the subscriber stations 32 within its beam path and range 
and each sector 260 is provided with a transceiver for such communications. Figure 2 
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illustrates cells 248a, 248b and 248c as each having six sectors 260a x , 260b x and 260c x 
respectively. As will be apparent to those of skill in the art, cells 248 can have different 
numbers of sectors 260 and system 200 can include either a homogeneous set of cells 248, 
each with the same number of sectors 260, or can include a heterogeneous set of cells 248 
5 some of which have different numbers of sectors 260, e.g. - some cells 248 with a single 
sector 260, some cells 248 with two sectors 260, etc. 

In these sectored configurations, which are expected to be commonly 
deployed, a subscriber station, such as subscriber station 32g in sector 26()a 2 can receive 
transmissions intended for an adjacent sector, such as 260a 3 or 260ai. Such transmissions act 

10 as interference at subscriber station 32 8 with respect to the transmissions it is attempting to 
receive from sector 260a 2 . Accordingly, subscriber station 32 8 can perform similar 
operations to those described above for reducing interference from adjacent base stations to 
reduce interference from adjacent sectors 260. Depending upon the configuration of system 
200, sectors 260 within a cell 248 can transmit frames and slots in a synchronous manner 

15 (with time offset or without) to the other sectors 260 of cell 248 or asynchronously. 

In the synchronous case, a subscriber station 32 will "know" the signal on the 
PSCH of each other sector 260 in its cell 248, the signal on the PSCH either being identical in 
each sector 260, or being time offset from the signal on the PSCH in the sector 260 of the 
subscriber station 32 by a time (usually by a slot, or multiple thereof, in a frame) known to the 

20 subscriber station 32. Thus, in this case, the subscriber station 32 can easily subtract the 
PSCH of adjacent sectors 260. 

In systems constructed in accordance with the proposed 3GPP standard, each 
sector 260 will have its own scrambling code. Thus, as with the embodiments described 
above, the SSCH in each sector 260 transmits the scrambling code group for that sector 260 

25 and this scrambling code must be determined so that the SSCH and, as discussed below, the 
PICH can be subtracted. As sectors 260 within a cell 248 operate within a single base station 
240, base station 240 can inform subscriber stations 32 in each sector 260 of cell 248 of the 
relevant scrambling code group and scrambling code by any suitable means, such as by 
transmission through the BCCH. Alternatively, the subscriber station 32 can determine the 

30 scrambling code group and scrambling code during an acquisition process for an adjacent 
sector, as described above for the adjacent base station case. 

In the asynchronous case, a subscriber station 32 can treat an adjacent sector 
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260 in the same manner as that described above for an adjacent next best base station 24 and 
can derive the frame and slot timing from the PSCH and SSCH, etc. 

As will be apparent to those of skill in the art, the above-described 
embodiments can be combined as required. For example, a subscriber station 32 can subtract 
5 the PSCH and SSCH signals from the base station (or sector) serving it and can determine 
whether an adjacent sector 260 or adjacent base station 24 is the highest other source of 
interference for it and can adopt the appropriate strategy, from those described above, to 
reduce this additional interference. Further, it will be apparent to those of skill in the art that 
the present invention is not limited to canceling only the interference from one adjacent next 
10 best base station or sector and, if radio and computational resources are available in subscriber 
station 32, subtraction of known or knowable signals from two or more adjacent base stations 
and/or sectors can be performed in addition to the subtraction of the PSCH and SSCH from 
the base station or sector serving the subscriber station 32. 

The present invention provides an apparatus, system and method for 
15 performance in the downlink direction of a CDMA telecommunications system. Known, or 
knowable, signals are determined and subtracted from the signals received at a subscriber 
station, whether a mobile or fixed station and whether the signal is voice or data or both. 
Subtraction of these signals improves SNR for the desired signals at the subscriber station 32, 
which allows transmission of the desired signals in more efficient manners, i.e. - with higher 
20 (3/4 vs. 1/2, etc.) error coding rates and/or increased modulation orders (QAM64 vs QPSK), 
and/or allows the desired signals to be broadcast at a lower power level while being received 
with the same, or similar, error levels. 

The above-described embodiments of the invention are intended to be 
examples of the present invention and alterations and modifications may be effected thereto, 
25 by those of skill in the art, without departing from the scope of the invention which is defined 
solely by the claims appended hereto. 
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We claim: 

1. A method of improving reception in a multiple access communications system, comprising 
the steps of : 

(i) determining at least one interfering signal transmitted from a transmitter; 

(ii) determining the received power level at a receiver of said at least one determined 
interfering signal; 

(iii) subtracting said at least one determined interfering signal, at said received power 
level, from the total signal received at said receiver; and 

(iv) determining a desired signal from the result of said subtraction. 

2. The method of claim 1 wherein said at least one interfering signal is a synchronization 
signal. 

3. The method of claim 1 wherein at least two interfering signals are transmitted by said 
transmitter and said receiver determines each of said at least two interfering signals and their 
respective received power levels and subtracts those determined interfering signals at their 
respective received power levels from said total received signal. 

4. The method of claim 3 wherein said at least two interfering signals comprise a first 
synchronization signal for determining slot timing in signals transmitted by said transmitter 
and a second synchronization signal for determining frame timing in signals transmitted by 
said transmitter. 

5. The method of claim 1 wherein said at least one interfering signal is a communication 
system control signal. 

6. The method of claim 1 further comprising the steps of: 

(a) determining at least one interfering signal transmitted from another transmitter; 

(b) determining the received power level at said receiver of said at least one 
determined interfering signal from said another transmitter; 

(c) performing step (iii) by also subtracting the interfering signal determined at step (a) 
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at the received power level determined at step (b) from the total signal received at said 
receiver; and 

(d) performing step (iv) to determine a desired signal from the result of the 
subtractions. 

7. The method of claim 6 wherein said interfering signal determined in step (a) is a non 
interfering signal to at least one other receiver. 

8. The method of claim 7 wherein said interfering signal determined in step (a) is a pilot 
signal. 

9. The method of claim 6 wherein said other transmitter is an adjacent base station. 

10. The method of claim 6 wherein said other transmitter is an adjacent sector of a 
multi-sector base station. 

1 1 . The method of claim 6 further comprising the step of comparing the received power 
level determined in step (b) to a predefined threshold level and omitting steps (c) and (d) 
when said threshold is not exceeded, 

12. The method of claim 1 1 wherein the step of comparing is performed at predefined 
intervals. 

13. The method of claim 6 wherein steps (a) and (b) are performed to select, from at 
least two other transmitters, the transmitter with the highest received power level in step (b) 
and steps (c) and (d) are performed for said selected other transmitter. 

14. The method of claim 1 3 wherein steps (a) and (b) are performed at predefined 
intervals to select the transmitter with the highest received power level and steps (c) and (d) 
are performed for said selected other transmitter. 



A multiple access communication system including a plurality of subscriber 
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stations and at least one base station to transmit signals to said subscriber stations, said 
subscriber stations comprising: 

means to receive said signals transmitted by said at least one base station; 

means to determine at least one interfering signal transmitted by said base station and the 
received power level of said at least one interfering signal; 

means to subtract said determined at least one interfering signal at said received power 
level from said received signals; and 

means to determine a desired signal from the result of said subtraction. 

16. The communication system of claim 15 including at least first and second base 
stations, each base station transmitting signals to different subscriber stations of said plurality 
of subscriber stations, said means to determine in a subscriber station served by said first base 
station being operable to also determine at least one interfering signal transmitted by said 
second base station and the received power level of said interfering signal and said means to 
subtract in said subscriber station being operable to subtract said determined at least one 
interfering signals received from each of said first and second base stations at said received 
power levels respectively from said received signals and said means to determine a desired 
signal from the result of said subtraction. 

17 * The communication system of claim 15 wherein said base station includes at 

least first and second sectors, each of said first and second sectors transmitting signals to 
different subscriber stations of said plurality of subscriber stations, said means to determine in 
a subscriber station served by said first sector being operable to also determine at least one 
interfering signal transmitted by said second sector and the received power level of said 
interfering signal and said means to subtract in said subscriber station being operable to 
subtract said determined at least one interfering signals received from each of said first and 
second sections at said respective received power levels from said received signals and said 
means to determine a desired signal from the result of said subtraction. 
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ABSTRACT 

An apparatus, system and method for improving the SNR of a desired signal 
received at a receiver in a multiple access communication system is disclosed. The apparatus, 

5 system and method subtracts known or knowable signals from the total signal received at the 
receiver and the desired signal is them determined from the result of the subtraction. The 
known, or knowable, signals can be synchronization signals or other interfering channel 
signals transmitted by the transmitter, such as a wireless network base station, serving the 
receiver, such as a subscriber station in such a wireless network, and/or can be such signals 

10 transmitted by another transmitter, such as an adjacent base station, or an adjacent sector in 
multi-sector systems. 
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